Background: Epidemiological studies have reported that patients with type 2 diabetes mellitus (DM) have increased mortality and morbidity from cardiovascular diseases, independent of other risk factors. However, most of these studies have been performed in selected patient groups. The purpose of the present study was prospectively to assess the impact of type 2 DM on cardiovascular morbidity and mortality in an unselected population.
A

NUMBER OF EPIDEMIOLOGI-
cal studies have reported that patients with type 2 diabetes mellitus (DM) have an increased mortality compared with age-matched persons without DM. However, in the earlier studies, only partial adjustment for the effect of other cardiovascular risk factors (eg, hypertension, hypercholesterolemia, and obesity, which are often seen in patients with type 2 DM) was performed. [1] [2] [3] Recently, several studies have been carried out in selected populations in which it has been possible to adjust for the increased prevalence of cardiovascular risk factors. [4] [5] [6] These studies have reported increased but somewhat varying risk of total mortality and cardiovascular mortality. To our knowledge, there is only 1 recent population-based study (the Reykjavik Study 7 ) in which it has been possible to adjust for increased prevalence of various cardiovascular risk factors, and this study reports an increased relative risk of total mortality and coronary heart disease mortality in both sexes. These studies are all based on mortality rates, whereas less information is available with regard to morbidity from cardiovascular diseases in patients with type 2 DM.
In Denmark, all patients admitted to a hospital are reported to a national hospital registry and it is thus possible to study morbidity (ie, admission to hospitals for various diseases). The Copenhagen City Heart Study is a prospective populationbased study, which has been conducted since 1976 and comprises about 15000 persons, who have been followed up until 1997 with regard to mortality and morbidity from various cardiovascular diseases using the above-mentioned registry. 8 It is therefore possible to examine the independent effect of type 2 DM on morbidity and mortality.
In the present study, we have estimated the independent effect of type 2 DM on morbidity from cardiovascular disease, and on total mortality.
METHODS
POPULATION AND DESIGN
The study is based on data from the Copenhagen City Heart Study, which has been pre-
ORIGINAL INVESTIGATION
viously described in detail. 8 The population was derived from a random, age-stratified sample of 19698 individuals 20 years or older, recruited in 1976-1978 among 90000 people living in a defined area in Copenhagen, Denmark. A total of 14223 subjects (response rate, 72%) attended the first examination in [1976] [1977] [1978] . The present study is based on a subset of 13105 persons (7198 women and 5907 men) in whom all variables listed in the following paragraph were available. Moreover, subjects who had been admitted to hospital because of ischemic heart disease including AMI or stroke prior to the first investigation in 1976-1978 were excluded.
At the examination in 1976-1978, cardiovascular risk factors were assessed by a self-administered questionnaire and various laboratory tests. Tobacco consumption was categorized as nonsmokers, previous smokers, and present smokers; physical activity as sedentary, moderate activity less than 4 h/wk, and moderate activity 4 h/wk or more; alcohol consumption (with 1 unit corresponding to 10 g of pure alcohol) as less than 1 unit/d, 1 to 2 units/d, 3 to 4 units/d, and more than 4 units/d; and body mass index (BMI; calculated as weight in kilograms divided by the square of height in meters) as lower than 20, 20 to 24, 25 to 29, and 30 or higher. Arterial blood pressure was measured with the subject in recumbent position after at least 5 minutes of rest and categorized as systolic blood pressure lower than 140 mm Hg without the use of blood pressure-lowering agents, 140 mm Hg or higher and lower than 160 mm Hg without the use of blood pressure-lowering agents, 160 mm Hg or higher without the use of blood pressure-lowering agents, lower than 140 mm Hg with the use of blood pressure-lowering agents, and 140 mm Hg or higher with the use of blood pressurelowering agents. Patients with systolic blood pressure exceeding 110 mm Hg plus the personage mm Hg (ie, in a person aged 60 years, the systolic blood pressure should exceed 110+60=170 mm Hg) or having a diastolic blood pressure higher than 100 mm Hg were asked to contact their general practitioner for further evaluation. Triglyceride levels were categorized as lower than 90 mg/dL (Ͻ1 mmol/L), 90 to lower than 180 mg/dL (1-2 mmol/L), and 180 mg/dL or higher (Ն2 mmol/L). Total cholesterol levels were categorized as lower than 200 mg/dL (Ͻ5 mmol/L), 200 to 280 mg/dL (5-7 mmol/L), and 280 mg/dL or higher (Ն7 mmol/L). Blood samples were taken from nonfasting participants.
DEFINITION OF DM
All participants were asked about the presence of DM and, if present, whether the treatment consisted of diet alone, oral hypoglycemic agents, or insulin. Moreover, nonfasting plasma glucose measurement was obtained from each participant.
The participants were classified into the nondiabetic (control) group if they reported not having DM and had a nonfasting plasma glucose level of 120 mg/dL (6.5 mmol/L) or lower, the intermediate group if they reported not having DM and had a nonfasting plasma glucose level in the range 120 to 200 mg/dL (6.5-11.1 mmol/L), and the type 2 DM group if they reported having DM and were being treated with either diet or diet and oral hypoglycemic agents or had a nonfasting plasma glucose level above 200 mg/dL (Ͼ11.1 mmol/L). Participants who reported receiving treatment with insulin were excluded from the analysis because it was not possible to determine whether they had type 1 or type 2 DM.
MORBIDITY AND MORTALITY
Subjects were followed up until December 1997 with respect to hospital admission for nonfatal or fatal ischemic heart disease (International Classification of Diseases, Eighth Revision [ICD-8] codes 410-414), acute myocardial infarction (ICD-8 code 410), stroke (ICD-8 code 430-438), and death from all causes. The information was obtained from the Denmark National Board of Health, National Hospital Discharge Register, and National Death Certificate Register.
STATISTICAL ANALYSIS
Estimates of relative risks were calculated using the Cox proportional hazards model. 9 Tests for interaction of DM and sex were performed. The relative risks were estimated separately in the various sex and age strata. Analyses were performed using Stata 6 (Stata Corporation, College Station, Tex) statistical software package.
RESULTS
A total of 7198 women were included in the analysis: 4739 (65.8%) were classified into the control group, 2360 (32.7%) into the intermediate group, and 99 (1.4%) into the type 2 DM group. A total of 5907 men were included: 2912 (49.3%) were classified into the control group, 2793 (47.3%) into the intermediate group, and 202 (3.4%) into the type 2 DM group.
In women, the total mortality during the observation period was 1.7 to 2.7 times higher in persons with type 2 DM compared with controls in the under 55 years and 55 to 64 years age groups ( Table 1) . Compared with controls, the number of women with DM undergoing their first admission for myocardial infarction or stroke was 3.5 to 4.6 times higher in the under 55 years and 55 to 64 years age groups. In the under 55 years age group, approximately 10% of those with type 2 DM were admitted because of acute myocardial infarction and 13% because of stroke, the corresponding figure for the 55 to 64 years age group were 35% and 43%, respectively.
In men, the total mortality during the observation period was 2.5 times higher in persons with type 2 DM compared with controls in the under 55 years age group ( Table 2 ). The number of men undergoing their first admission for myocardial infarction or stroke was 2.7 to 3.2 times higher in the under 55 years age group. In the under 55 years age group, 24% of those with type 2 DM were admitted because of acute myocardial infarction and 20% because of stroke.
The figures pertaining to the subjects in the intermediate group regarding mortality and first admissions for ischemic heart disease, acute myocardial infarction, or stroke were in general not different from those of the control group. The same applies to the adjusted relative risk commented on in the following paragraph.
In women and men with DM, the adjusted relative risk of death was 1.5 to 2 compared with age-matched controls (Figure 1) . Besides DM, smoking, hypertension, high triglyceride level, high alcohol intake, and low (Ͻ20) and high (Ն30) BMI in women and smoking, hypertension, high alcohol intake, and low BMI (Ͻ20) in men independently increased the risk of death, whereas high physical activity and high total cholesterol level decreased the risk of death in both sexes.
The adjusted relative risk of first admission to hospital for ischemic heart disease was significantly increased in men aged 55 to 64 years and older than 64 years; in women, the adjusted relative risk was only sig-nificantly increased in the 55 to 64 years age group (Figure 2) . The adjusted relative risk of first myocardial infarction was significantly increased in men younger than 55 years and in women aged 55 to 64 years (Figure 3) .
The adjusted relative risks of first stroke were significantly increased in men younger than 55 years and older than 64 years. In women, this was also the case in the 55 to 64 years and over 64 years age groups (Figure 4) .
COMMENT
The present population-based study, with nearly 20 years of follow-up, shows that type 2 DM is associated with increased risk of myocardial infarction and stroke independent of other risk factors and confirms the increased total mortality in patients with type 2 DM.
A possible drawback of the present study is that the classification of the patients was not based on fasting plasma glucose level or oral glucose tolerance test. In participants, nonfasting venous blood samples were drawn, and plasma venous glucose was measured. According to a recent World Health Organization report, 10 a plasma venous glucose level of 200 mg/dL (11.1 mmol/L) or higher 2 hours after a 75-g oral glucose load is diagnostic for DM, and we therefore classified all participants with a nonfasting plasma venous glucose level above this value as having DM, independent of whether they reported to have known DM. The same report concludes that persons with nonfasting plasma glucose values lower than 100 mg/dL (Ͻ5.5 mmol/L) are unlikely to have or develop DM. 10 The Danish recommendation regarding diagnosis and treatment of type 2 DM, issued in 2000, suggests that if a person has a nonfasting blood glucose level lower than 100 mg/dL (Ͻ5.5 mmol/L), DM is unlikely. 11 In that recommendation, plasma glucose level was suggested to be 10% to 15% higher, and we therefore decided to use a nonfasting plasma glucose value of 120 mg/dL (6.5 mmol/L) as the cutoff between normal and intermediate. We tried to apply a cutoff between the normal (control) and intermediate group of 100 mg/dL (5.5 mmol/L); however, it turned out that only 20% to 30% of the total population could be classified as normal. As can be seen from the "Results" section, there were no significant differences between the control group and the intermediate group.
The prevalence of type 2 DM in the present study was 1.4% in women and 3.4% in men. These figures seem low. However, in a study performed in another area of greater Copenhagen in 1976 12 and based on fasting blood glucose values and oral glucose tolerance test results, the prevalence of type 2 DM was reported only to be 20% to 40% higher than those reported in the present study. In the present study, we excluded all participants taking insulin, which may explain some of the difference. It is therefore unlikely that the number of persons with type 2 DM is underreported in the present study.
This study reports that DM independently increases the risk of death by a factor of 1.5 to 2. In the Reykjavik Study, which is also population based, the relative risk was approximately 2 in both sexes for total mortality and coronary heart disease mortality. 7 Thus, the results of the 2 studies are comparable. Other studies of selected groups (ie, physicians 4 and nurses 5 ), in which adjustment for other risk factors were done, have reported relative risks of 2 to 3 for total mortality.
The present study also reports the relative risk of being admitted for the first time for either acute myocardial infarction or stroke, since this is an estimate of the relative risk of having either an incident acute myocardial infarction or stroke. Studies on cardiovascular death rely on the precision of the death certificate. With regard to the diagnosis of acute myocardial infarction, the precision of this diagnosis in the National Hospital Discharge Register is more than 90%. 13 Moreover, in Denmark nearly 100% of patients with these diagnoses are admitted to a hospital. Thus, it is likely that diagnoses on which the present study is based are accurate and precise. The adjusted relative total mortality (95% confidence level) in women and men with type 2 diabetes mellitus compared with healthy controls. The relative risk was adjusted for tobacco consumption, physical activity, alcohol consumption, body mass index, and triglyceride and total cholesterol levels. The adjusted relative risk (95% confidence level) of first admission for ischemic heart disease (IHD) in women and men with type 2 diabetes mellitus compared with healthy controls. The relative risk was adjusted for tobacco consumption, physical activity, alcohol consumption, body mass index, and triglyceride and total cholesterol levels. The adjusted relative risk (95% confidence level) of first admission for acute myocardial infarction (AMI) in women and men with type 2 diabetes mellitus compared with healthy controls. The relative risk was adjusted for tobacco consumption, physical activity alcohol consumption, body mass index, and triglyceride and total cholesterol levels. The independent effect of DM for admission for incident acute myocardial infarction or stroke was an increased risk of 1.5-to 2-fold in men and 1.5-to 6.5-fold in women. In a cohort study from Scotland, it was reported that during a 7-year observation period, approximately 4% of patients with type 2 DM were admitted for acute myocardial infarction.
14 In the present study, about 20% to 25% of the participants experienced myocardial infarction during the observation period of approximately 20 years. The reason for the discrepancy is not clear. An analysis of the UK Prospective Diabetes Study (UKPDS) data reports that the adjusted rate myocardial infarction in persons with hemoglobin A 1c values of 9% to 10% is approximately 2 times higher than that of persons with a normal hemoglobin A 1c value. 15 The independent effect of type 2 DM for stroke has previously been analyzed in a few studies. Two studies from Scotland 16, 17 report an increased relative risk of developing a stroke of 2-fold in men and approximately 3-fold in women. In a recent Finish study of persons aged 30 to 60 years at entry, type 2 DM was reported to increase the risk of stroke by a factor of 3 in men and 4 to 4.5 in women. 18 In the present study, the risk of developing stroke in men with type 2 DM in comparable age groups was approximately 2, whereas the corresponding figure in women was 2.5 to 6.5 and thus significantly higher than that in men.
The issue of whether there is a difference between sexes in regard to DM-related increased risk of cardiovascular diseases has been debated for a number of years. A recent meta-analysis examined whether there is a difference between sexes in the risk of death from coronary heart diseases in persons with type 2 DM and reports a risk of 2.2 in men and 2.9 in women without significant differences. 19 In the present study, when comparing men and women in all aged groups, test results for interaction showed that the effect of DM was significantly more pronounced for women in regard to acute myocardial infarction and stroke but not in regard to death or admission for ischemic heart disease. When studying the various age groups, a difference between sexes was only found in women aged 55 to 64 years, who had a significantly higher risk of stroke. Generally, there was a tendency toward a higher risk also for the other end points in this age group. This observation suggests that special attention should be given to women with DM in the first postmenopausal decade.
In conclusion, the present study shows an independent 2-to 3-fold increased risk of having an incident myocardial infarction or stroke in patients with type 2 DM. Moreover, this study confirms that patients with type 2 DM have a 2-fold increased risk of death, independent of other known risk factors for cardiovascular diseases. These results emphasize the importance of controlling all known risk factors in patients with type 2 DM, as well as encouraging persons with type 2 DM to increase their physical activity.
